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At the Large Hadron Collider (LHC), the main production channels of a Higgs boson
are gluon fusion and weak-boson fusion (WBF) [1, 2]. The WBF process, qq → qqH ,
occurs through the exchange of a W or a Z boson in the t channel, and is characterized
by the production of two forward quark jets [3]. Even though it is smaller than the
gluon fusion channel by about a factor of 5 for an intermediate mass Higgs boson, it is
interesting because it is expected to provide information on Higgs boson couplings [4]. In
this respect, H + 2 jet production via gluon-gluon fusion, which has a larger production
rate before cuts, can be considered a background; it has the same final-state topology,
and thus may hide the features of the WBF process.
In Higgs production via gluon fusion, the Higgs boson is produced mostly via a top
quark loop. The computation of H + 2 jet production involves up to pentagon quark
loops [5]. However, if the Higgs mass is smaller than the threshold for the creation of a
top-quark pair, MH . 2Mt, the coupling of the Higgs to the gluons via a top-quark loop
can be replaced by an effective coupling [6]: this is called the large-Mt limit. It simplifies
the calculation, because it reduces the number of loops in a given diagram by one. InH+2
jet production, the large-Mt limit yields a good approximation to the exact calculation
if, in addition to the condition MH . 2Mt, we require that the jet transverse energies
are smaller than the top-quark mass, p⊥ . Mt [5]. However, the large Mt approximation
is quite insensitive to the value of the Higgs–jet and/or dijet invariant masses. The last
issue is not academic, because Higgs production via WBF, to which we should like to
compare, features typically two forward quark jets, and thus a large dijet invariant mass.
In this contribution, we consider H + 2 jet production when Higgs–jet and/or dijet
invariant masses become much larger than the typical momentum transfers in the scatter-
ing. We term these conditions the high-energy limit. In this limit the scattering amplitude
factorizes into impact factors connected by a gluon exchanged in the t channel. Assem-
bling together different impact factors, the amplitudes for different sub-processes can be
obtained. Thus the high-energy factorization constitutes a stringent consistency check on
any amplitude for the production of a Higgs plus one or more jets.
In the high-energy limit of H + 2 jet production, the relevant (squared) energy scales
are the parton center-of-mass energy s, the Higgs mass M2
H
, the dijet invariant mass sj1j2,
and the jet-Higgs invariant masses sj1H and sj2H. At leading order they are related through
momentum conservation,
s = sj1j2 + sj1H + sj2H −M2H . (1)
There are two possible high-energy limits to consider: sj1j2 ≫ sj1H, sj2H ≫ M2H and
sj1j2, sj2H ≫ sj1H,M2H. In the first case the Higgs boson is centrally located in rapidity
between the two jets, and very far from either jet. In the second case the Higgs boson
is close to one jet, say to jet j1, in rapidity, and both of these are very far from jet
j2. In both cases the amplitudes will factorize, and the relevant Higgs vertex in case 1
and the Higgs–gluon and Higgs–quark impact factors in case 2 can be obtained from the
amplitudes for q Q→ q QH and q g → q g H scattering.
The high-energy limit sj1j2 ≫ sj1H, sj2H ≫M
2
H
We consider the production of two partons of momenta p1 and p3 and a Higgs boson
of momentum pH, in the scattering between two partons of momenta p2 and p4, where
all momenta are taken as outgoing. We consider the limit in which the Higgs boson is
produced centrally in rapidity, and very far from either jet, sj1j2 ≫ sj1H, sj2H ≫ M2H,
which is equivalent to require that
p+1 ≫ p+H ≫ p+3 , p−1 ≪ p−H ≪ p−3 , (2)
where we have introduced the light-cone coordinates p± = p0±pz, and complex transverse
coordinates p⊥ = p
x + ipy. In the limit (2), the amplitudes are dominated by gluon
exchange in the t channel, with emission of the Higgs boson from the t-channel gluon. We
can write the amplitude for q Q→ q QH scattering in the high-energy limit as [7]
iMqq→Hqq(p−ν12 , pν11 | H | pν33 , p−ν34 )
= 2s
[
g T ca1a¯2 C
q¯;q(p−ν12 ; p
ν1
1 )
] 1
t1
[
δcc
′
CH(q1, pH, q2)
] 1
t2
[
g T c
′
a3a¯4
C q¯;q(p−ν34 ; p
ν3
3 )
]
, (3)
where q1 = −(p1+ p2), q2 = p3+ p4, ti ≃ −|qi⊥|2, i = 1, 2, and the ν’s are the quark helic-
ities. In Eq. (3) we have made explicit the helicity conservation along the massless quark
lines. The effective vertex C q¯;q for the production of a quark jet, q g∗ → q, contributes a
phase factor [8]: its square is 1. The effective vertex for Higgs production along the gluon
ladder, g∗ g∗ → H , with g∗ an off-shell gluon, is
CH(q1, pH, q2) = 2
g2M2t
v
(
m2
H⊥
A1(q1, q2)− 2A2(q1, q2)
)
. (4)
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Figure 1: Cross section in H + 2 jet production in pp collisions at the LHC energy√
s = 14 TeV as a function of ∆y, with MH = 120 GeV and Mt = 175 GeV. The dijet
invariant mass fulfills the constraint
√
sj1j2 ≥ 600 GeV. The rapidity interval ∆y is defined
as ∆y = min(|yj1 − yH|, |yj2 − yH|), with the kinematical constraint yj1 > yH > yj2. The
solid line is the exact production rate; the dashed line is the rate in the high-energy limit.
The scalar coefficients of the triangle vertex with two off-shell gluons, A1,2, are defined in
terms of the form factors FT and FL of Ref. [5] as
A1 =
i
(4pi)2
FT , A2 =
i
(4pi)2
(
FT q1 · q2 + FL q21q22
)
. (5)
We have checked analytically that the amplitude for q g → q g H scattering can also
be written as Eq. (3), provided we perform on one of the two effective vertices C q¯;q the
substitution (for the sake of illustration, we display it here for the lower vertex)
ig f bb
′c Cg;g(pνbb ; p
ν
b′
b′ )↔ g T cb′b¯C q¯;q(p−νb′b ; pνb′b′ ) , (6)
and use the effective vertices g∗ g → g for the production of a gluon jet [8] (which con-
tribute a phase factor as well). The same check on the (squared) amplitude for g g → g g H
scattering has been performed numerically. Thus, in the high-energy limit (2), the am-
plitudes for q Q → q QH , q g → q g H and g g → g g H scattering only differ by the
color strength in the jet-production vertex. Therefore, in a production rate it is enough
to consider one of them and include the others through the effective parton distribution
function [9], feff(x, µ
2
F ) = G(x, µ
2
F ) + (CF/CA)
∑
f
[
Qf(x, µ
2
F ) + Q¯f(x, µ
2
F )
]
, where x is
the momentum fraction of the incoming parton, µ2F is the collinear factorization scale,
and where the sum is over the quark flavors.
In Fig. 1 we plot the cross section in H +2 jet production in pp collisions at the LHC
energy
√
s = 14 TeV, as a function of ∆y, which is defined as the smallest rapidity differ-
ence between the Higgs and the jets, ∆y = min(|yj1−yH|, |yj2−yH|), with the kinematical
constraint yj1 > yH > yj2. The solid line is the exact production rate, with the ampli-
tudes evaluated in Ref. [5]; the dashed line is the rate in the high-energy limit (2), with
the amplitudes evaluated using Eqns. (3)–(6). It is apparent that the high-energy limit
works very well over the whole ∆y spectrum. However, in the evaluation of the effective
vertex (4), we used the exact value of the scalar coefficients A1,2. A more conservative
statement is to say that when any kinematic quantity involved in the amplitude (3) is eval-
uated in the limit (2), we expect the high-energy limit to represent a good approximation
of the exact calculation when ∆y & 2.
The high-energy limit sj1j2, sj2H ≫ sj1H, M
2
H
Next, we consider the limit in which the Higgs boson is produced forward in rapidity, and
close to one of the jets, say to jet j1, and both are very far from jet j2, i.e. sj1j2, sj2H ≫
sj1H, M
2
H
. This limit implies that
p+1 ≃ p+H ≫ p+3 , p−1 ≃ p−H ≪ p−3 . (7)
In this limit, the amplitudes are again dominated by gluon exchange in the t channel, and
factorize into in effective vertex for the production of a jet and another for the production
of a Higgs plus a jet. For example, in the limit (7) the amplitude for q g → q g H
scattering [5] with the incoming gluon (quark) of momentum p2 (p4), can be written as [7]
iMgq→gHq(pν22 ; pν11 , H | pν33 ; p−ν34 )
= 2s [ig fa2a1cCg;Hg(pν22 ; p
ν1
1 , pH)]
1
t
[
ig T ca3a¯4 C
q¯;q(p−ν34 ; p
ν3
3 )
]
, (8)
where Cg;Hg(pν22 ; p
ν1
1 , pH) is the effective vertex for the production of a Higgs boson and a
gluon jet, g∗g → gH . It has two independent helicity configurations, which we can take
to be Cg;Hg(p−2 ; p
+
1 , pH) and C
g;Hg(p+2 ; p
+
1 , pH) [7]. High-energy factorization also implies
that the amplitude for g g → g g H scattering can be put in the form (8), up to replacing
the incoming quark with a gluon via the substitution (6). Likewise, the amplitude for
q Q→ q Q H scattering can be written as
iMqQ→qHQ(p−ν12 ; pν11 , pH | pν33 ; p−ν34 )
= 2s
[
g T ca1a¯2 C
q¯;Hq(p−ν12 ; p
ν1
1 , pH)
] 1
t
[
g T c
′
a3a¯4
C q¯;q(p−ν34 ; p
ν3
3 )
]
, (9)
where C q¯;Hq(p−ν12 ; p
ν1
1 , pH) is the effective vertex for the production of a Higgs and a quark
jet, g∗q → qH . There is only one independent helicity configuration, which we can take
to be C q¯;Hq(p−2 ; p
+
1 , pH), and its expression is given in Ref. [7], where an analysis of the
limit (7) with the kinematic parameters of Fig. 1 can also be found.
In conclusion, we have considered H + 2 jet production via gluon fusion, when either
one of the Higgs-jet or the dijet invariant masses become much larger than the typical
momentum transfers in the scattering. These limits also occur naturally in Higgs produc-
tion via WBF. We have shown that we can write the scattering amplitudes in accordance
to high-energy factorization, Eqns. (3), (8) and (9). The corresponding effective vertices,
whose squares are the impact factors, can be found in Ref. [7].
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